Although the anterior approach is more commonly performed for the treatment of cervical disc disease, the posterior approach has distinct advantages in selected cases of foraminal stenosis and posterolateral disc herniation. The authors performed cervical key hole foraminotomies using a microendoscopic discectomy (MED) system in four cadaveric cervical spine specimens to evaluate this minimally invasive surgical approach for cervical disc diseases. The amount of bone decompression achieved by using the MED system was compared with that achieved by using the open foraminotomy procedure in each cadaveric specimen. Three noncontiguous cervical nerve roots were selected between C-3 and C-8 in each specimen and were decompressed using the MED system on one side and using the open foraminotomy procedure on the contralateral side. Postoperative computerized tomography (CT) myelography showed that adequate bone decompression was achieved by using either the MED or open procedure in all specimens. Postoperatively, open dissection was performed to confirm and compare the amount of decompression in both the MED and open procedures. The laminotomy size (vertical and transverse diameter), the length of decompressed nerve root, and the proportion of removed facet joint were measured on every operative level. The average vertical diameter of laminotomy area and the percentage of facet removed were significantly greater in the MED procedure than the open procedure (p < 0.05). The transverse diameter of the laminotomy area and the average decompressed root length were not significantly different between MED and open surgery. The authors conclude that endoscopic cervical foraminotomy using the MED system is a feasible procedure and may be clinically applicable in the treatment of foraminal stenosis and laterally located cervical disc herniation.
minimal dissection techniques in this posterior procedure, it is usually necessary to make moderate-sized incisions and significant paraspinous muscle dissection. [1, 18] Postoperative wound pain, therefore, can be significant, and postoperative recovery is often relatively slow.
Among the various current minimally invasive spine surgery techniques, the microendoscopic discectomy (MED) system is a newly developed endoscope system that enables posterior lumbar discectomy through a tubular retractor under endoscopic visualization (unpublished data). The present study was performed to evaluate the technical feasibility and efficacy of the MED system for posterior cervical foraminotomy.
CLINICAL MATERIAL AND METHODS
The cervical spines of four human cadavers were used for this study. The age at the time of death ranged from 62 to 70 years. Posterior cervical foraminotomy was performed on the left side by using the MED technique and on the right side by using the open procedure. Each procedure was used to decompress 12 nerve roots. The left C-4, C-6, and C-8 levels were decompressed in two cadavers, and the left C-3, C-5 and C-7 levels were decompressed in the other two cadavers by using the MED system. The 12 contralateral nerve roots were decompressed by using the open procedure. Under fluoroscopic guidance, a guide wire was inserted through the posterior cervical musculature with the tip directed to the disc space. Three dilators were sequentially inserted through posterior neck musculature at the junction of lamina and lateral mass. A 16-mm tubular retractor was inserted over the largest dilator, fixed to the flexible arm assembly on the table, and the endoscope was then fixed inside the tubular retractor. The tubular retractor tip was placed to expose the lateral portion of superior and inferior laminae and the medial portion of the corresponding facet joint. Once exposure had been achieved, a small curved curette was used to define the edge of the superior lamina and the lateral mass. Bone removal began on the inferolateral portion of the superior lamina and proceeded on to the superolateral portion of inferior lamina. After the medial edge of the superior and inferior pedicles was palpated using a microprobe, bone removal was extended into the medial facet joint to expose the nerve root. Bone removal was performed with small Kerrison punch or high-speed drill. The surgical procedure was concluded after exposing the proximal portion of nerve root and confirming that adequate bony decompression had been achieved. [4, 6, 22] In each specimen pre-and postoperative CT myelography was performed to evaluate and compare the amount of bony decompression between MED and open surgery. After surgery was completed, open dissection was performed on all specimens, and the authors measured the amount of bony decompression (vertical and transverse diameters of laminotomy defect), length of root decompressed, and the proportion of facet joint removed. All measurements were statistically compared using Student's t-test.
RESULTS
Adequate exposure of the surgical area (portion of superior, inferior lamina, and medial facet joint) was possible with the 16-mm tubular retractor endoscope in all cadaver specimens (Fig. 1) . Compared with open surgery, the duration of surgery was longer in MED cases. Laminotomy size in MED surgery tended to be slightly larger than open surgery, but postoperative CT myelography showed adequate decompression on every level in both MED and open surgery (Fig. 2) . Measurements after postoperative open dissection showed that the average vertical diameter of laminotomy defect was 12 ± 3.6 mm for MED and 9.6 ± 1.9 mm for open laminotomy. This difference was significant (t = 2.1, df = 22, p < 0.05). Transverse diameters (MED 13.5 ± 2.9 mm, open 11.5 ± 1.9 mm) were not statistically significantly different. An average of 37.5 ± 12% was removed by using the MED technique compared with 32.8 ± 6% removed by using the open technique. This result was also significantly different (t = 1.2, df = 22, p < 0.05). Results for length of nerve root exposed (MED 5
DISCUSSION
Although the anterior surgical approach to most nontraumatic cervical disc disease has been the preferred choice for most spine surgeons, previously reported studies have demonstrated similar operative results in both anterior and posterior surgical approaches. [1] [2] [3] 5, [7] [8] [9] [10] 12, [14] [15] [16] 18, [19] [20] [21] In some cases, such as laterally herniated discs causing radiculopathy, there are distinct advantages to the posterior approach. The posterior approach via key hole foraminotomy provides significantly greater exposure of the exiting nerve root for decompression and removal of laterally herniated disc. [17] Compared with the anterior approach, use of the posterior approach can avoid causing surgical injuries to carotid arteries, recurrent laryngeal nerves, and other prevertebral structures. The posterior surgical approach with minimal medial facetectomy also eliminates the need for fusion. [23] The major disadvantage of current posterior surgical approaches is postoperative cervical muscular pain and spasm, resulting from subperiosteal dissection of paraspinal muscles. This may even prolong postoperative hospitalization.
In this study we evaluated the feasibility of using a minimally invasive posterior cervical endoscopic technique to provide adequate foraminal decompression and discectomy. Transmuscular dilation by using the endoscopic tubular working channel can minimize postsurgical pain and provide rapid posoperative recovery.
During cervical foraminotomy performed using the MED system, localization of correct surgical level can be achieved with a guide wire under fluoroscopic anteroposterior and lateral guidance. The skin incision is usually made 0.5 cm from the midline, and the tubular working channel is positioned to expose the lateral portion of the superior and inferior lamina and the medial portion of the corresponding facet joint. Bone decompression is achieved by using conventional open key hole foraminotomy techniques. Minimal skin incision, but no muscle dissection, is required.
The results of postoperative open dissection showed that average vertical and transverse diameters of laminotomy defects were not significantly different, or were greater, using the MED technique. The length of decompressed nerve roots and the average proportion of facet joint removed was also not significantly different or was greater using the MED technique. These results clearly suggest that MED may provide a viable technique for cervical hemilaminectomy and foraminotomy. Results are at least equivalent to the open technique. Adjacent levels above and below can be also visualized and decompressed by manipulation and changing the angle of the endoscopic working channel. Similar to the open technique, posterior key hole foraminotomy is indicated for foraminal stenosis and lateral disc herniations. Central and paracentral cervical disc herniations should be approached anteriorly.
One question we could not answer in this study was whether it is feasible to control hemostasis adequately from the epidural venous plexus by using this technique. Experience with lumbar MED has indicated that hemostasis can, at times, be challenging and because the epidural venous plexus surrounding the cervical nerve roots can cause annoying bleeding, this is an important issue. [13] Studies in live porcine animals are currently underway to answer this question.
CONCLUSION
The feasibility of adequate bone decompression and exposure of cervical nerve roots by the MED system has been well demonstrated in this study in which human cadaveric specimens were used. In addition to evaluating the ability of MED to control hemostasis, research is currently in progress to refine instrumentation and surgical technique for this procedure.
